here is a narrow line between the benefits and risks of anticoagulant therapy. Many factors influence a patient's response to warfarin, and careful monitoring is required to ensure that the therapeutic level of anticoagulation is achieved. The purpose of this retrospective review was to examine the relationship between the postoperative response to warfarin and the preoperative level of haemoglobin. The results showed that lower preoperative levels of haemoglobin are associated with an increased response to warfarin (p = 0.01). The anticoagulant drug warfarin is commonly used for the prevention of thromboembolic complications after surgery. Many factors influence the response to warfarin and careful monitoring is required to ensure that the target International Normalised Ratio (INR) is achieved to reduce the complications related to treatment. Previous studies have identified factors associated with the response to warfarin in the early postoperative period, and most consider conventional variables such as age, weight, drug interaction and gender.
The anticoagulant drug warfarin is commonly used for the prevention of thromboembolic complications after surgery. Many factors influence the response to warfarin and careful monitoring is required to ensure that the target International Normalised Ratio (INR) is achieved to reduce the complications related to treatment. Previous studies have identified factors associated with the response to warfarin in the early postoperative period, and most consider conventional variables such as age, weight, drug interaction and gender. [1] [2] [3] This study examines the effect of the preoperative levels of haemoglobin on the postoperative response to warfarin. Haemoglobin was selected on the basis of an empirical observation.
Patients and Methods
The medical records of 81 consecutive patients (24 men and 57 women) admitted for a primary elective cemented total knee arthroplasty for degenerative osteoarthritis were reviewed. All operations were carried out by the author. No patients were excluded from the study. Their mean (±SD) age was 71.6 ± 9.4 years and mean weight 84.4 ± 15.9 kg. Data collected from the notes included age, weight, gender, preoperative haemoglobin, daily warfarin doses and INR measurements. The patients' response to warfarin was considered to be increased when the INR was greater than 3.0 on the fourth day after operation. An INR/warfarin ratio was calculated as the INR on the fourth day after operation divided by the first three cumulative warfarin doses. The loading dose of warfarin was chosen arbitrarily. General descriptive statistics were computed for all extracted variables. Univariate analyses were carried out, using the consensus of parametric and non-parametric statistical tests to assess the overall associations between pairs of variables. Multivariate logistic regression was used to quantify the relationship between the probability of an increased warfarin response (INR > 3) and preoperative haemoglobin, taking into account the effects of age, gender, weight and dosage levels of warfarin. In all analyses p < 0.05 was considered as significant. No multiple-comparison adjustments of the p value were applied. Statistical analyses were carried out using SPSS for Windows, Release 9.0.0 (SPSS Inc, Chicago, USA). Table I gives the clinical details and preoperative values for haemoglobin and the INR response.
Results
Univariate analysis (Tables II and III) shows that lower preoperative haemoglobin levels are associated with an increased response to warfarin (Mann-Whitney U test, p = 0.003) and an increased INR on the fourth day (Spearman's test, r = -0.238, p = 0.032). Lower haemoglobin is also associated with lower weight (r = 0.307, p = 0.005), and weight and total dose are also correlated (r = 0.319, 60.5 ± 6.8 88.3 ± 13.6 0.000 p = 0.004). Neither weight nor gender showed a correlation with an increased response to warfarin. In order to assess the relationship between the response to warfarin and haemoglobin levels and other clinical factors, a multivariate logistic regression analysis was undertaken (Table IV) . The most significant independent factors associated with an abnormal (increased) warfarin response are haemoglobin (p = 0.011) and the loading dose (p = 0.019). The ratios for haemoglobin (0.08, 95% CI 0.01 to 0.57) and for the loading dose (1.5, 95% CI 1.98 to 2.3) indicate that every decrease of 1g/dl in preoperative haemoglobin produces a 12-fold increase in the incidence of an increased warfarin response, and every increase of 1 mg in loading dose produces a threefold increase in the incidence of an increased response to warfarin. No pulmonary emboli occurred. Discussion A review of the preoperative level of haemoglobin may give valuable information concerning a patient's response to warfarin and help to achieve an appropriate dose. This study has shown that the level of preoperative haemoglobin and the loading dose have a statistically significant effect on the response to warfarin after joint replacement.
This study has limitations which deserve comment. Only 9% of the patients (7 of 81) had an increased response to warfarin. This small incidence and sample size may not be sufficient to detect statistical significance between all the variables measured and an increased response to warfarin. As this is a retrospective study, cause and effect cannot be established. The preoperative level of haemoglobin may be an indication of general health, nutritional state, and other factors not studied. The range of preoperative haemoglobin in this study was 11 to 17 g/dl. The causes of anaemia were not recorded. The adjustment of the dose of warfarin according to the preoperative level of haemoglobin deserves further investigation. 
